28o                   ABSTRACT DYNAMICS.
where R is the radius of the earth (supposed spherical) in feet, and v its mean density, expressed in terms of the unit just defined. Taking 20,900,000 feet as the value of R, we have
<r = 0*000000368 = 3 '68 * io~7.                         (6)
As the mean density of the earth is somewhere about 5-5 times that of water, the density 'of water in terms of our present unit is
£^io-'«6-7xio-8. 5'5
716. The fourth column of the table above gives the time of rota. tion in seconds, corresponding to each value of the eccentricity, p being assutued equal to the mean density 'of the earth. For a mass of water these numbers must be multiplied by ^5*5; as the time 'of rotation to give the same figure is inversely as the square root of the density.
For a homogeneous liquid' mass, of the earth's mean density, rotating in 23h 46™ 4* we find t- 0-093, which corresponds to an ellipticity of about
717. An interesting form of this problem, also discussed by Laplace, is that in which the moment of momentum and the mass of the fluid are given, not the angular velocity; and it is required to find what is the eccentricity of the corresponding ellipsoid of revolution, the result proving that there can be but one.
It is evident that a mass of any ordinary liquid (not & perfect fluid, § 684), if left to itself in any state of motion, must preserve unchanged its moment of momentum,- § 202. But the viscosity, or internal friction, § 684, will, if the mass remain continuous, ultimately destroy all relative motion among its parts ; so that it will ultimately rotate as a rigid solid. If the final form be an ellipsoid of revolution, we can easily show that there is a single definite value of its eccentricity. But, as it has not yet been discovered whether there is any other form consistent with stable equilibrium, we do not know that the mass will necessarily assume the form of this particular ellipsoid. ' Nor in fact do we know whether even the ellipsoid of rotation may not become an unstable form if the moment of momentum exceed some limit depending on the mass of the fluid. We shall return to this subject in Vol. II.r.as it affords an excellent example of that difficult and delicate question Kinetic Stability, § 300.
If we call a the equatorial- semi-axis of the ellipsoid, e its eccentricity, and w its angular Velocity of rotation, the given quantities are the mass                          M=* £irpaa ^/i -<?",
and the moment of momentum
These equations, along with (3), determine the three quantities, at e, and ft>.
Eliminating a between the two just written, and expressing e m before in terms of *, we have shall be *//vv.r the centre ot'^ja\i:y.
